OPTIMIZING THE PLACEMENT OF GUIDANCE 
ARROWS ON HIGHWAY SIGNS 



George Allen Emerson 



fHlCMV KNOX UBBARY 
MVAU POSTOBAOUATE SCHOOL 
iltt«TEREV. CAUFORNIA 93040 





% 



i 

C? 




i 



I - 




POSTSRAOyATE 

fi5ontepey, California 





THE 





OPTIMIZING THE PLACEMENT OF GUIDANCE 
ARROWS ON HIGHWAY SIGNS 

by 



George Allen Emerson Jr. 



September ] 975 



Thesis Advisor: D. E. Neil 



Approved for public release; distribution unlimited. 



t£. s ^ 



security classification of this page Dmtm Enfrmd) 



REPORT DOCUMENTATION PAGE 


READ INSTRUCTIONS 
BEFORE COMPLETING FORM 


1. REPORT NUMBER 


2. GOVT ACCESSION NO. 


3. RECIPIENT’S CATALOG NUMBER 


4. title (•nd Submit) 

OPTIMIZING THE PLACEMENT OF GUIDANCE 
ARROWS ON HIGm'7AY SIGNS 


S. TYPE OF REPORT » PERIOD COVERED 

Master's Thesis; 
Seotember 1975 


6. PERFORMING ORG. REPORT NUMBER 


7. auTmor^#; 

George Allen Emerson Jr. 


6. CONTRACT OR GRANT NLMBERr*; 


9. performing organization name and address 

Naval Postgraduate School 
Monterey, California 93940 


10. PROGRAM element. PROJECT. TASK 
AREA & WORK UNIT NUMBERS 


tl. CONTROLLING OFFICE NAME AND ADDRESS 

Naval Postgraduate School 
Monterey, California 93940 


12 . REPORT DATE 

September ] 975 


13. NUMBER OF PAGES 

38 


'4 monitoring AGEnCY name & ADDRESSfi^ dliier^nt from Controlling Otlic 0 ) 

Naval Postgraduate School 
Monterey, California 93940 


IS. security class, (ol Ihl, report; 

Unclassified 


I5«. declassification/ DOWN GRADING 
SCHEDULE 


16. DISTRIBUTION STATEMENT (ol thl» Rmport) 

Approved for public release; distribution unlimited. 


J7. DISTRlBUTIONSTATEMENTfo/rh# •b0tr»ct In Block 20 , If di//#r#of from R0port) 


16. supplementary notes 


19- KEY WORDS (Contlnu0 on •id# It n»c»«»ary «nd Id0ntlfy by block numb0r) 

Traffic Control Devices 
Guidance Signs 


20. ABSTRACT (Contlnu0 on r*v»r«» 0ld0 It n0C000Mry and Idontity 67 block numb0r) 

This paper describes a design and experimental study of the 
placement of guidance arrov/s on highway guide signs. This study 
v;as conducted under laboratory conditions. Ten subjects were 
shown a series of slides depicting three destinations, three 
directions and three sign designs under controlled instruction 
and exposure duration; they were required to respond to a 
previously determined cue as quickly and as accurately as 



DD I JAN *73 1473 edition OF I NOV 65 IS OISOLETE 
(Page 1) S/N 0 102-014- 6601 I 



^. m QLA^2 1 F,lLn 

SECURITY CLASSIFICATION OF THIS PAGE Dmf tnffd) 




UNCLASSIFIED 

ftCUMlTV classification of This 0».f- Fr ^ tmf*d 

20. Abstract 

possible. The measured variables were response time and 
correctness of the response. Classical statistical tests were 
used to conduct the analyses. The analyses were made to determine 
the optimum guidance sign design regarding the arrangement of 
arrows and destination names . 



DD Form 1473 
, 1 Jan 73 

S/N 0102-014-GG01 



.y.NCMSSI F IED 

security classification of this PAGEOFh*^ n*r# RnCfdi 




i I 





optimizing the Placement of Guidance Arrows 
on Highway Signs 



by 



George Allen Emerson, Jr. 
'/ 



Lieutenant, United States Navy 
B.S., University of Illinois, 1967 



Submitted in partial fulfillment of the 
reguirements for the degree of 



MASTER OF SCIENCE IN OPERATIONS RESEARCH 



from the 



NAVAL POSTGRADUATE SCHOOL 
September 1975 



Tk 



? \ • 



Jt 

C- / 




C'JDLEY KNOX LIBRARY 
•■JAVAL POSTGRADUATE SCHOOL 
MONTEREY. CALIFORNIA OCSCO 



ABSTRACT 



This paper 


study 


of the 


guide 


signs. 



laboratory con 
series of slide 
directions and 
instruction and 
to respond to 
and as accurate 
were response 
Classical stati 
analyses. The 
optimum guidanc 
of arrows and d 



describ 
placeme 
This 
ditions 
s depic 
three 
exposu 
a prev 
ly as p 
time 
sticai 
analy 
e sign 
estinat 



es a design and experimental 
nt of guidance arrows on highway 
study was conducted under 
. Ten subjects were shown a 
ting tnree destinations, three 
sign designs under controlled 
re duration; they were required 
iously determined cue as quickly 
ossible. The measured variables 
and correctness of the response, 
tests were used to conduct the 
ses were made to determine the 
design regarding the arrangement 
ion names. 



4 




i 



TABLE OF CONTENTS 



I. INTRODUCTION 9 

A. PROBLEM DEFINITION 9 

1. Driving Statistics 9 

2. The Driving Task 10 

B. INFORMATION GATHERING 11 

1. Getting Information to the Driver 11 

2. Information Sources and the Driver 12 

3. Driving Skills 12 

4. Channel Capacity 13 

C. HIGHWAY SIGNS: A MEANS FOR MANEUVERING 14 

1. Communicating ^ith the Driver 14 

2. Early Sign Systems 15 

3. Sign Attributes 16 

D. SIGN READING STRATEGIES 17 

E. OBJECTIVE OF THIS EXPERIMENT 18 

II. METHODS 19 

A. SUBJECTS 19 

B. EQUIPMENT 19 

C. STIMULI 20 

D. PROCEDURES 22 

E. DESIGN 23 

III. RESULTS AND DISCUSSION 24 

A. RESPONSE TIME; A MEASURE OF PERFORMANCE 24 

B. FREQUENCY OF CORRECT RESPONSE 29 

C. SEX DIFFERENCES 30 

IV. SUMMARY AND CONCLUSION 32 

A. NAME 32 

B. POSITION 32 

C. DIRECTION 33 

D. ARROW ARRANGEMENT 33 



5 



E. INSTfiUCTION 34 

F. EXPOSURE 34 

G. CONCLUSION 35 

Appendix A ANOVA TABLE FOR BAIN EXPERIMENT 36 



6 



LIST OF TABLES 



I. Main Factors and Levels of Individual Factors... 23 

II. Summary of Significant Hesults at a Level p<0.05. 24 

III. Wean Response Times and Results of Range Tests.. 26 

IV. Mean and Standard Deviation of the 

ProDanility of a Correct Response 31 



7 



LIST OF FIGURES 



1. Some Specimen Guide Signs Used in Experiment 21 

2. Graph of Name X Arrow Arrangement 28 

3. Graph of Name X Direction 28 



0 



I. 



INTRODUCTION 



A. PROBLEM DEFINITION 



1 • D riv ing Stat is tics 



The automobile has become an integral part of the 
American life style as evidenced by the pollution, smog, 
traffic jams and ribbons of highways crisscrossing the 
country. Most likely the automobile will never cease having 
an impact on the people of our country, even when they are 
threatened with an energy crisis. One would be fairly safe 
in saying that automobiles and highways are here to stay, at 
least for the forseeable future. 

With the automobile and highway systems playing such 
a large part in this country’s way of life, traffic 
accidents and deaths will probably continue to plague the 
population. The Directorate of Aero Space Safety [1970] 
stated that statistically during a lifetime one out of every 
two United States citizens has been or will be disabled or 
killed in a traffic accident. In 1973 murderers killed 
19,000 Americans, however traffic accidents killed 55,800 
persons. Criminals inflicted anout 500,000 injuries on 
Americans; traffic accidents caused 2,000,000 injuries. The 
direct cost of "serious crime" cost five billion dollars; 
traffic accidents exceeded 20 billion dollars annually 
[Double Clutch 1975]. The transportation problem and the 
traffic control proolem within the United States has reached 
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acute proportions as indicated in the figur 
However one does not have to go any farther than 
newspaper to gather these gruesoae facts. Unf 
Department of Defense personnel are included in t 
of statistics. The Air Force averaged 381 death 
in the years 1965 to 1969 with an annual average 
accidents [Directorate of Aero Space Safety 1970]. 



One aspect of the transportation system 
automobiles and the driver are the signs placed a 
and highways. These signs represent a source of i 
which enables the automobile operator to drive 
correctly on these transportation arteries. Sheri 
refers to data or other evidence as the property o 
that reduces one's uncertainty about the true 
affairs. This is what a traffic sign attempts to 
one's uncertainty about the driving task. 



2 • The Dri viji£ Task 
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Before continuing, it would be prudent to 
the driving task so one will better understand how 
related to the task. Driving is a task which can b 
up into three sub-tasks: control, guidance and n 
[Alexander et al 1972]. Control relates to the 
interaction with the automobile and does not requir 
of highway signs to be successfully accomplished, 
refers to the driver's ability to maintain a saf 
the highway; regulatory and warning signs assist th 
with this sub-task. Finally, navigation which refe 
drivers ability to plan and execute a trip from a 
origin to a destination requires the use of guide 
provide information to the driver in order for 
properly carry out this sub-task. Therefore, it i 
that signs play an important part in the tas 
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driving, and without the benefit of signs, it would be 
severly restricted or pernaps even impossible to accomplish, 
given the present complex highway system. 



B. INFORMATION GATHERING 



1. Get ting Information to the Driver 



Although the driver obtains information via all his 
senses, the information-gathering discussion is structured 
in terms of the driver's visual reception, 
source of information by the driver is the 
accounts for 95 percent of all his input 
[Schmidt et al 1966]. The information needs of 
can be categorized in accordance with his 
inputs. The relevant input category deals with 
performance and consists of two distinct phases: 
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2 . Inf o rmatio n Sources and the Driver 

King [1971] has suggested that a driver c 
to only one information source at a time. Task ana 
the driving operation has shown that there is con 
task-sharing throughout the driving operation. Fur 
it has been shown that diverse information source 
for the driver's attention, especially in high-sign 
such as at interchanges and in the urban ar 
situation is further complicated on high-speed i 
routes where the driver is faced with time pressure 
as competing information needs and task shari 
driver's ability to perform well in high-signal, h 
situations then depends on his ability to time-s 
attention among the competing information sources, 
his attention on the most important information nee 
ability to perform is obviously based on the natu 
decisions that he must make. 

3 • Driv ing Skills 

Gumming [1964] stated that one of the most 
driving skills is the skill of systematic 
efficiently gathering information. He cites st 
filmed records of drivers' eye movements, which i 
maximum rate of sampling from separate information 
of aoout one to 1.4 per second. He concludes that 
rate is not sufficient to give the driver enough 
information that he needs. Gumming has concluded 
driver relies on his short-term memory and his ab 
integrate information; he also fills information 
expectancies. Thus, his scanning technigue un 
pressure is a function of his driving experience 
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been suggested by Schlesinger [1963] that the ability of the 
driver to observe the environment efficiently is so critical 
to the driving task that he should be taught sequential 
scanning routines as a part of driver education. While 
operating a vehicle on the road the operator is faced with 
the problem of maintaining an appreciation of a dynamic 
environment in which he must continuously predict what will 
occur in the next instant. In addition to predicting he 
must integrate the information he receives to maintain this 
dynamic appreciation. Because the driver is an important 
link in the transportation system, one should look closely 
at the ability of how he performs within the system. The 
purpose of a highway system is the safe, comfortable, 
convenient and efficient movement of goods and people and a 
lost driver is a system failure. As the information 
challenge increases, a point is reached where the driver is 
unable to handle and process the amount of information 
required to resolve the uncertainty of the decision. It is 
at this point that the driver's channel capacity is said to 
be exceeded [King 1971]. 

4 . Chan nel Capacity 

An important point concerning channel capacity of 
the driver is that if the information challenge becomes very 
great the "confusion effect" sets in so that not only is the 
driver unable to process the heavy information challenge, 
but he also seems to show a marked decline in the amount of 
information that he can transmit error-free , i. e. his channel 
capacity is decreased [Quastler 1956]. 



Although channel capacity is a fixed value for a 
particular individual at a particular time, it is possiole 
to increase an individual's apparent channel capacity by 
recoding, or organizing bits of information into chunks 
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[Miller 1956]. Channel capacity is the limiting factor for 
the amount of information processed in any time period, 
however, the immediate memory, which is apparently 
independent of channel capacity, is the limiting factor for 
recoding information [King 1971]. The principle of recoding 
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C. HI3HWAY SIGNS: A MEANS FOR MANEUVERING 



1 . Comauni ca ting with the Driver 
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Navigational signs use letters, numbers and 
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pictographs to convey information. Sheridan [1974] has 
stated that physical systems used as information channels 
are limited both in the amount and the rate of bits of 
information transmitted; therefore, it should not be 
suprising to find the driver having similar limitations. A 
driver can only process a limited amount of information 
under a given set of circumstances nefore he will either 
make an error or miss information needed to perform 
properly. When the driver cannot process all the necessary 
information there can be either a catastrophic failure of 
the system (an accident) , or a non-catastrophic failure (a 
driver missing his turn-off from the highway or a driver who 
becomes lost) [Alexander et al 1972]. In a study conducted 
by the Department of Transportation, four out of five 
automobile accidents were attributed to human error 
C aus es 1975]. The four leading human errors were 
improper lookout, excessive speed, inattention and improper 
evasive action. Also cited were the leading environmental 
factors: view obstruction, slick roads and roadway design 
problems. It then would seem likely that if one could 
» remove more uncertainty from the drivers task, the 
probability of an accident would be lowered in both human 
error cases and environmental factor cases. 



If a person stands along the side of a highway and 
looks at a navigational sign, he probably can read the sign 
quite easily. If a sign is legible, will it accomplish its 
goal of transmitting the proper information to the driver of 
a motor venicle? Not necessarily. One must enter the 
environment of the driver to better understand this problem. 



2 • Ear ly Sig^n S yst ems 



Since the 
systems, guidance 



very early days of highway signing 
signs in the United States were handled 



15 



under very general guidelines. Various local a 
agencies were left to their own devices insofar 
sign design was concerned. As highway speeds incre 
signing systems have become more specific and 
concerning regulatory and warning signs. Guid 
however, have not followed suit in terms of standa 
with the exception of the route markings. Probl 
United States guide signs lie in content and desi 
signs. Markowitz [1968] has stated that wi 
comprehensive point of view, U. S. guide si 
proliferated without adding to the effectiveness 
system. 



Signing authorities have agreed that no m 
three (or four) destination names should appear on 
guide sign. When too many names appear on a guide 
is confusing, too hard to read and too lengthy t 
the short periods of time allowed for safe navig 
today's highways. 



3 • Sign Attri bu tes 

The attributes of the sign which contribu 
optimization of legibility and detectability 
physical components of sign design, while the a 
that contribute to the optimization of comprehen 
inherent in the message. Comprehension is a conse 
the sign's function as an information source; legib 
detectability are conseguences of its functi 
transmitter of information. The degree of noise pr 
the transmitter, channel or receiver affects 
elements {King 1971]. 
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D 



SIGN BEADING STRATEGIES 



Markowitz [1968] has stated that everyone does not read 
a sign, at least everyone does not read a sign in the same 
way. People have different goals or reasons for driving on 
the highway and these goals lead to different strategies of 
driving of which two are of interest and will be designated 
"search" and "discovery" respectively. 

The "search" technique refers to the situation where an 
observer, approaching a choice point, has a well defined 
destination in mind and fully expects to find this name on 
the sign. The observer's job is to search through the names 
on the guide sign until he locates the one for which he is 
searching and then finds the direction associated with it. 

The "discovery" technique applies when an observer 
either has no well defined destination or does not expect to 
find his destination on the sign. This observer must 
"discover" which destination names go with which directions; 
having discovered the named destination most properly 
related to his destination, the observer will then know in 
which direction to proceed. 

Markowitz [1968] indicates there is not sufficient 
information available for one to make a decision on whether 
to stress one strategy over the other. He suggests possibly 
a compromise in providing the drivers with primary and 
secondary information on separate signs. 
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E. OBJECTIVE OF THIS EXPERIMENT 

The overall objective of this study was to ascertain an 
optinum position for guidance arrows in relation to 
destination name on nighway guide signs. The original 
hypothesis would be that the staggered arrangement is more 
conducive to the needs of the driver using either the 
"search” or "discovery" strategy. 



18 



II. 



METHODS 



A. SUBJECTS 



There were ten subjects who observed all combinations of 
six experimental factors. Five subjects were male students 
at the Naval Postgraduate School and five subjects were 
females, wives of students at the Naval Postgraduate School. 
Their ages ranged from 26 to 39 years. The average ages were 
31 years for the males and 27.6 years for the females. Nine 
of the ten subjects had some type of formal Driver's 
Education course early in their driving career and all 
subjects have been driving for at least ten years. All 
subjects' visual acuity except one was either 20/20 or 
corrected to 20/20; the exception was corrected to 20/40. 
The subjects were not compensated for their time. 



B. EQUIPMENT 

The experimental equipment used in conducting this 
experiment consisted of a Lafayette Instrument Company 
Number 12910 Random Access Control and Optional Reader and a 
VS- IE All-Purpose Electric Tachistosco pic Attachment mounted 
in a KODAK EKTAGRAFKIC (RA960) Projector. A previously 
randomized set of tapes was used on the paper tape reader in 
order to access a slide on the projector. The tach istoscope 
was triggered electronically by the timer in the control 
loop; the solenoid shutter was also controlled by the timer. 
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The exposure durations were 100 and 200 milliseconds. The 
system was set up to operate in a continuous loop with a 
mean time between slides of six seconds. 

The subject responded to the stimuli by depressing one 



of three 


choice buttons 
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The subjects were placed in an environmental enclosure 
to remove as many external distractions as possible. 
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ons on the sign (top, middle or bottom) and 
th any one of the three directions of travel 
straight-ahead) . Representative selections 
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Figure 1 - SOME SPECIMEN GUIDE SIGHS USED IN EXPERIMENT* 
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The "search" and "discovery" criterion were permuted 
with the exposure time of 100 ms and 200 ms. The four 
combinations were then chosen randomly for each Subject for 
each session. If the "search" criterion was tested, the 
subjects were required to give the direction of travel 
associated with a particular destination name. If the 
"discovery" criterion was tested, the subjects were required 
to give the destination associated with a particular 
direction. The particular name or direction was changed for 
each block. The first trial of each block was considered a 
prepatory stimulus. As such, it was not considered 
comparable to tne test trials and was excluded from the 
analysis . 
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Between each part, the subject was allowed to rest for 
two minutes and the subjects were encouraged to exercise and 
rest their eyes in between blocks. 



E. DESIGN 



Data from the present experiment was analyzed according 
to a seven-way factorial analysis of variance (ANOVA) with 
subjects performing all factorial combinations. All factors 
except Subject had fixed levels assigned. Table I shows the 
seven main factors and the number of levels of each factor. 



Main Factor 



Level 



Subjects (S) 

Name (N) 

Position (P) 
Direction (D) 
Arrow Arrangement 
Instruction (I) 
Exposure (E) 



(A) 



10 

3 

3 

3 

3 

2 

2 



TABLE I: Main Factors and Levels of Individual Factors. 



Two dependent variables were used for the experiment: 
response time and frequency of correct response. Response 
time was measured from the exposure of the stimulus until 
the subject depressed the response button; Lhese times were 
measured in hundredths of a second with a tolerance of five 



percent. 
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RESULTS AND DISCUSSION 



The results will be exanined in two parts. First the 
response time as used as a measure of performance will be 
presented; second the frequency of correct response as used 
as a measure will be presented. 

A. RESPONSE TIMS: A MEASURE OF PERFORMANCE 

The response time for each individual trial was used as 
the measure of performance. The data was subjected to an 
analysis of variance with subjects receiving all treatment 
combinations. The criterion for accepting a value as 
significant was set at 0.05. 

The main effects of Subject, Name, Position, Arrow 
Arrangement and Instruction were found to be significant. 
These results from the ANOVA are provided in summary form in 
Table II below. Complete results of the analysis of 
variance are in Appendix A. 



Source 


df 


F 


Su b ject 


9,2720 


101.29 


Name 


2, 18 


26.39 


Position 


2, 18 


15.25 


Arrow Arrangement 


2, 18 


14.88 


Instruction 


1r9 


46.10 


N X D 


4,36 


8.00 


N X A 


4,36 


2.71 



TABLE II: Summary of Significant Results at a Level p< 0.05. 



\ 
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The Newian-Keals range test [Hicks 1973] was used to test 
for significance at the 0.01 level for the main effects. 
These results are summarized in Taole III. 
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Subjects 



Mean Response 

~nee”2MlE“ 



1 


0.87 


2 


1.12 


3 


1. 17 


4 


1.01 


5 


1.34 


6 


0.93 


7 


1.29 


8 


1.02 


9 


1.051 


10 


1.054 



Name 


MET 


Results 


1 Sacramento 

2 Salinas 

3 Seaside 


1.01 

1.12 

1.12 


Sacramento is significantly 
more discernible than Seaside 
or Salinas (p< 0.01) . 


Position 


MRT 


Results 


1 Top 

2 Middle 

3 Bottom 


1.14 
0.98 
1 .14 


The Middle Position is more 
discernible than either the Top 
or Bottom Position (p< 0.01). 


Direction 


MRT 


Results 


1 Right 

2 Lett 

3 Straignt 


1.10 

1.09 

1.07 


The main effect was not 
significant . 


At£o^ Arrangement 


MRT 


Results 


1 Right 

2 Left 

3 Staggered 


1 .12 
1.06 
1.07 


There was no significant 
difference in means (p< 0.05) . 


Instruction 


MAI 


Results 


1 Search 

2 Discovery 


0.96 

1.21 


Means are significantly 
different (p< 0.01). 


Exposure 


MRT 


Results 


1 100 ms 

2 200 ms 


1.09 

1.04 


The main effect was not 
significant . 



TABLE III: Mean Response Times and Results of Range Tests. 



• 26 



There was a significant difference in mean response time 
for Subjects. This significant effect indicated that 



subjects • 


took 


longer 


to respond 


and their response 


time 


was 


a function 


of 


the 


manner in 


which 


they perce 


ived 


the 


weighting 


of 


speed 


versus accuracy 


as well as 


inherent 



subject differences. 



was 

pos 

len 



The significant effect of Name indicated that Sacramento 
more discernible over either Salinas or Seaside. This 
sibly could be explained by the difference in name 
gths. 



The 

dif feren 
position 
exper ime 
subjects 
slide an 
slide o 
optimal 



Position effect showed that there was a si 
ce in the middle position over the top an 
s. This observation could be explaine 
ntal set-up of short exposure duration regu 
to focus their eyes at the expected cent 
d expand their visual field to encompass t 
r it could also be explained as subjects s 
search technique. 



gni fican t 
d bottom 
d by the 
iring the 
er of the 
he whole 
eeking an 



The Arrow Arrangement effect was significant as a 
however, the individual means were not significant. 



group , 



The 

that the 
than the 



Instruction effect was significant and indicated 
"search" technique required less time to respond 
"discovery" technique. 





Figur 


es 2 and 


3 show 


Nam 


e X 


Direction 


(N X D) 


A) . 


The 


figures 


indica 


dis 


cernib 


le than 


e ither 


ind 


ica tes 


that eit 


her the 


on 


the L 


eft or Sr 


aggered 


arr 


ows on 


the righ 


t. 



the significant interactions of 
and Name X Arrow Arrangement (N X 
ted that Sacramento was more 
Seaside or Salinas. Figure 2 
Arrow Arrangement with the arrows 
is superior to the design with the 
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Mean Response 
Time 
(N X A) 



Figure 2 - GRAPH 



Mean Response 
Time 
(N X D) 



Figure 3 - GRAPH 




Right Left Staggered 



ARROW ARRANGEMENT 
OF NAT'lE X ARROV7 ARRANGEMENT 




DIRECTION 

OF NAME X DIRECTION 
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B 



FREQUENCY OF CORRECT RESPONSE 



Using the ireguency of corre 
number of trials as a probabili 
analysis was conducted to deterra 
measures of effectiveness (MOE) 
probabilities for each main 
deviation . 



ct responses for the total 
ty of a correct response, an 
ine any parallels in the two 
. Table IV shows the pooled 
factor and its standard 



fro 

coe 

acc 

ind 

str 



The subjects* proba 
m 0.781 to 0.932. 
fficient to test 
uracy, the test r 
icating no attribu 
ategies of speed ver 



bilities of correct 
Using the Spearman 
the correlation of 
esuited in a corre 
table relationships 
sus accuracy. 



response 
rank corre 
speed 
lation of 
in sub 



ranged 
lation 
versus 
0. 188, 
jects ' 



The probability of a correct response for the factor 
Name paralleled the mean response time MOE in that 
Sacramento had a higher probability of a correct response 
than either Salinas or Seaside. The same was true for the 
factor Position in that the Kiddle Position had a higher 
probability of a correct response over either of the other 
two positions. 



The probaoility of a correct response for the factor 
Direction was approximately the same for all three levels, 
however the probability of a correct response for going 
Straight-Ahead was slightly higher than the other two- 



cor 

Sta 

of 



For the factor Arrow Arra 
root response was much more 
ggered design than the Rign 
the mean response time MOE. 



ngemen t 
likely 
t design 
In this 



the probab 
for the 
which was 
test the 



i 



lity of a 
Left or 
also true 
Staggered 
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design allowed a much better performance for seven of tne 
ten subjects; one subject missed an equal number in each of 
the two categories and the other two favored the Left design 
just slightly in that they nad fewer misses for the Left 
design . 

The probability of a correct response for the factor 
Instruction also paralleled the mean response time MOE in 
that Search had a much higher prooability of a correct 
response than Discovery. 



C. SEX DIFFERENCES 



There were no differences in mean response time or in 
frequency of correct response between males and females as a 
group. 
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SUBJECTS 







Mean S.D. 






SI 


0.904 0.016 






S2 


0.827 0.021 






S3 


0.932 0.014 






S4 


0.886 0.018 






S5 


0.781 0.023 






So 


0.802 0.022 






S7 


0.815 0.022 






S8 


0.852 0.020 






S9 


0.917 0.015 






S10 


0.910 0.016 








NAME 




Sacramento 




Salinas 


Seaside 


Mean S.D. 




M ea n S.D. 


Mean S. D. 


0.923 0.008 




0.827 0.012 


0.840 0.01 1 






POSITION 




Top 




Middle 


Bottom 


Mean S.D. 




Mean S.D. 


Mean S . D. 


0.813 0.012 




0.920 0.008 


0.356 0.011 






DIRECTION 




Rignt 




Lef t 


Straight 


Mean S.D. 




Mean S.D. 


Mean S.D. 


0.853 0.011 




0.858 0.011 


0.879 0.010 




ARROW ARRANGEMENT 




Right 




Left 


Staggered 


Mean S.D. 




Mean S.D. 


Mean S.D. 


0.795 0.012 




0.881 0.010 


0.913 0.009 



INSTRUCTION 



Search 
Mean S.D. 



Discovery 
Uean S.D. 



0.912 0.007 0.814 0.010 



EXPOSURE 



100 ms 
Mean S.D. 



200 ms 
Mean S.D. 



0.847 0.009 



0.880 0.008 



TABLE IV: Mean and Standard Deviation of the Probability 

of a Correct Response. 
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IV 



SUMMARY AND CONCLUSION 



The effects of the mean response times and the 
probabilities of a correct response will be discussed in 
terms of the independent variables. The results of this 
experiment will be compared with the results observed by 
Markowitz [1968]. 

A. NAME 



The choice of appropria 
be an important considerat 
When one chooses names for 
must be paid to name len 
name and possibly lack of f 
that bias will not be intro 
Sacramento appears to 
considerations. Subjects 
themselves during the exper 
of the word Sacramento as a 
combination of word length 
ended in "o". 



te de 


stinat 


ion nam 


es app 


ea 


ion i 


n cond 


acting 


the ex 


pe 


the 


desti 


nations 


cons 


id 


gth. 


first 


letter , 


novel 


ty 


amili 


arity 


to the 


names 


in 


duced 


unkno 


wingly . 


The 


ch 



have violated these 
in describing how they 
iment admitted using the 
cue. One of the subjects 
and the fact that Sacr 



ed to 
iment . 
ration 
of the 
order 
ice of 
prior 
cued 
length 
used a 
amento 



Comparing the 
a correct respon 
approximately equ 
However, Sacramen 
either MOS. 



mean response times 
se for Seaside and 
al discriminability 
to stands alone w 



or the probability of 
Salinas, one observes 
between the two. 
hen measured against 
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B 



POSITION 



In ' this experiment as well as the one conducted by 
Markowitz [1968] the Middle position was more discernible 
than the other two positions. 

In investigating the effect of position on a sign daring 
a brief exposure, one must remember that the experiment was 
conducted under laboratory conditions. Subjects were 
required to attend to only one task in conducting this 
experiment which does not conform to the normal driving task 
involving time-sharing between many tasks. 

One should have reservation in concluding that the 
Middle position is "more readable" or that drivers use a 
strategy of reading the middle position first under actual 
conditions. This effect if deemed important in final design 
consideration should warrant further investigation. 



C. DIRECTION 



In analyzing 
times were not sig 
the three dire 
probability of cor 
findings. This 
performance for th 
the set of directi 
and two horizontal 
would increase t 
the direction Stra 



the effect of directio 
nificant. The relative 
ctions of mean respo 
rect response supports 
indication mignt s 
e direction Straight-Ah 
on arrows includes only 
arrows, the vertical a 
he probability of supe 
ight-Ahead [Markowitz 1 



n the mean response 
relationships for 
nse time and the 
Markowitz ' [ 1968 ] 

upport a superior 
ead. Also because 
one vertical arrow 
rrow being unique 
rior performance in 
968 ]. 
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D 



ARROW ARRANGEMENT 



The Arrow Arrangement analysis is not conclusive. The 
design witn the arrow placement on the right is inferior to 
either the design with the arrow placement on the left or 
staggered. This is tne same conclusion drawn by Markowitz 
[1968]. However, one can not say that the staggered design 
is better than the design with the arrows to the left of the 
destination name; yet, Markowitz* [1968] d* MOE and the 
probability of a correct response favor the staggered design 
slightly . 

E. INSTRUCTION 

The two strategies. Search and Discovery, appear to show 
a marked difference in both the mean response time and the 
probability of a correct response. The Search strategy 
requires less time to process and has a higher probability 
for a correct response. This effect was not demonstrated in 
Markowitz' [1968] experiment, however, he conducted the two 
experiments separately running the Discovery series 
subsequent to the Search series. Tne "differences [that he 
observed] may merely reflect order effects;" his results 
showed that the Discovery strategy was "marginally superior" 
to that of the Search strategy. 

The subjects that performed both strategies during the 
same experiment operated under similar conditions with the 
learning effect randomized over all trials; consequently all 
other effects being equal, subjects using the Search 
strategy performed better. 
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EXPOSURE 



r . 



Increasing the exposure duration did not demonstrate a 
marked increase in performance. This would indicate that 
100 ms duration or possibly less was adequate viewing time 
for this experiment. However, one must remember that the 
driving task is a multi-task job requiring time-sharing on 
the part of the driver. In order to evaluate the effect of 
exposure more fully a similar experiment should be conducted 
requiring subjects to time-share. 



G. CONCLUSION 



The overall goal of this experiment was to examine the 
hypothesis that the staggered design was the optimal design 
in regards to arrow placement. This fact was not 
demonstrated in a clear fashion. Further study of this 
problem will be required to resolve the ambiguities 
presented . 

One consideration that would be worthy of study would be 
the effect of coding and redundancy of Position and 
Direction. One design would be to always use the Top 
position for the Straight-Anead direction, the Middle 
position for the Right direction and the Bottom position for 
the Left direction. One could then instruct the subjects in 
this code and evaluate either the Left/Staggered design or 
all three designs. 
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APP£.NDIX a 



ANOVA TABLE FOR MAIN EXPERIMENT 



Source 

Subject 

Kane 

Error (N * S) 
Position 
Error (P * S) 
Direction 
Error (D * S) 
Arrow Arrangement 
Error * S) 
Instruction 



Error 


(I 




S) 






Exposure 








Error 
N * P 


(3 




S) 






Error 
H * D 


(N 


* 


p 




S) 


Error 
N * A 


(N 




D 




S) 


Error 


(N 




A 


♦ 


S) 


N * I 
Error 
N * £ 




I 


* 


(N 


S) 


Error 
P * D 


(N 


* 


E 


★ 


S) 


Error 
P *A 


(P 




D 


2{C 


S) 


Error 
? * I 


(P 




A 


* 


S) 


Error 
P ♦ E 


(P 


❖ 


I 




S) 


Error 


(P 




E 


* 


S) 


U ^ t\ 

Error 
D =«= I 


(D 


* 


A 


* 


S) 


Error 


(D 




I 


* 


S) 


D * S 
Error 




E 




(D 


S) 


A ♦ I 
Error 




I 


* 


(A 


S) 


A * E 
Error 
I ♦ E 


* 


E 


★ 


(A 


S) 


Error 


(I 




E 


♦ 


S) 



RESIDUAL 
TOTAL 

ns : 



df 


SS 


9 


63.77 


2 


9.49 


13 


3.22 


2 


19.21 


18 


11.39 


2 


0. 74 


18 


3.36 


2 


2.38 


16 


1 . 40 


1 


48. 87 


9 


9.55 


1 


0.26 


9 


4 . 26 


4 


0.24 


36 


1 . 70 


4 


0. 94 


36 


1.09 


4 


0.74 


36 


2.53 


2 


0. 14 


18 


2. 44 


2 


0. 14 


18 


0.87 


4 


0.23 


36 


2.93 


4 


0.57 


36 


2.46 


2 


0.08 


18 


1.62 


2 


0.25 


16 


1.22 


4 


0.78 


36 


3.75 


2 


0.03 


18 


1 . 62 


2 


0.01 


18 


1 . 10 


2 


0.25 


18 


4 . 82 


2 


0.04 


18 


3.61 


1 


0.00 


9 


2. 19 


2720 


1 8 1 . 34 


3239 


397.63 



MS 


F 


7 . 09 


101.29 


4.75 
0. 18 


26.39 


9.61 

0.63 


15.25 


0.37 
0. 19 


1.95 


1 . 19 
0.08 


14.88 


48.87 

1.06 


46. 10 


0.26 

0.47 


0.55 


0.06 

0.05 


1.2 


0.24 

0.03 


8.0 


0. 19 
0. 07 


2.71 


0.07 
0. 14 


0.5 


0.07 

0.05 


1.4 


0. 06 
0.08 


0.75 


0.14 

0.07 


2.0 


0.04 
0. 09 


0.44 


0. 13 

0.07 


1.86 


0.20 
0. 10 


2.00 


0.02 

0.09 


0.22 


0.01 

0.06 


0. 17 


0.13 
0. 27 


0.48 


0.02 

0.20 


0.10 


0.00 

0.24 

0. 07 


0.00 



not significant 



P< 

.001 

.001 

.001 

ns 

.001 

.001 

ns 

ns 

.001 

.05 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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